Abstract. Gnathostomiasis is now recognized as a zoonosis with a worldwide distribution. In the Americas, it is caused by the third-stage larvae of Gnathostoma binucleatum and in Asia mainly by G. spinigerum. The availability and preparation of specific antigens are among the main obstacles for developing reliable immunodiagnostic tests. In this study, six immunodominant peptides were identified and characterized from G. binucleatum, somatic antigens (AgS: 24, 32, and 40 kDa) and excretory-secretory antigens (AgES: 42, 44, and 56 kDa) by two-dimensional immunoblot analysis. Among those immunodominant peptides, two AgS spots were characterized by mass spectrometric analysis (32 kDa; pI 6.3 and 6.5) and identified as type 1 galectins. In accordance with this finding, a fraction of AgS exhibited affinity to lactose and displayed a 100% specificity and sensitivity for the diagnosis of human gnathostomiasis.
INTRODUCTION
Human gnathostomiasis is one of the emerging parasitic zoonoses caused by several species of the genus Gnathostoma. [1] [2] [3] [4] [5] In Mexico, Gnathostoma binucleatum is the parasite responsible for at least 9,000 cases of the disease documented mainly in laboratories and research centers. 5 The disease is acquired by ingestion of raw or undercooked freshwater fish parasitized with the advanced third stage larvae (L3A). Clinical manifestations are varied and include cutaneous, ocular, visceral, and neurologic symptoms. [5] [6] [7] To date, definitive diagnosis of the disease depends on recovery and identification of L3A. However, recovery of larvae from infected humans is often difficult because of the migratory nature of the parasite. Immunologic diagnostic methods are considered useful, but these methods can show cross-reactivity with other parasites such as Strongyloides stercoralis and Angiostrongylus cantonensis. 3, 5, 8 Other diagnostic methods such as double immunodiffusion, indirect hemagglutination, immunofluorescence, or Western blotting have similar limitations. 2, 4, 5, 9 False-positive results often obtained with these methods are believed to be caused by similarity of antigens that can be shared by closely related phylogenetic species. 10 Conversely, false-negative results are probably related to modulation of the host immune response when stimulated by parasite antigens. 8 For this reason, identification and use of specific immunodominant antigens is considered to be a better approach for the diagnosis of human gnathostomiasis. 3, 5, [11] [12] [13] [14] The first immunodominant antigen described was a 24-kDa peptide from G. spinigerum, a species endemic to Asia, mainly Thailand. 14 Other antigens, such as metalloproteases (24 kDa), serine proteases (approximately 35 kDa), and cathepsins (24 kDa), have also been identified in this species. 12, 15 A number of proteins have been identified in G. binucleatum (40, 50, 80, 115, 120, and 208 kDa) that were recognized by serum samples from 9 patients with human gnathostomiasis and 1 patient with confirmed disease. Two of the peptides were metalloproteases (80 and 208 kDa). 16, 17 The purpose of this study was to identify and characterize G. binucleatum immunodominant antigens derived from somatic antigens (AgS) and excretory-secretory antigens (AgES) that could be useful for immunodiagnosis of human gnathostomiasis cases.
MATERIALS AND METHODS
Gnathostoma binucleatum L3A. Larvae were collected in Ojo de Agua (22 45 28 N, 105 40 25 W), Tecualilla, Sinaloa, México, from the muscle masses of the fish species Dormitator latifrons and Eleotris picta, which are natural hosts of these parasites. Specimens were recovered and identified by the method described by Diaz-Camacho and others, 18 and were processed to obtain AgS and AgES.
Antigen preparation. Somatic antigens. Somatic antigens were obtained from 350 L3A frozen in liquid nitrogen. Larval tissues were homogenized in 40 mM Tris-HCl, and the mixture was sonicated (20 60-Hz pulses/5 minutes, with 1-minute intervals between each pulse) by using a ultrasonic homogenizer (no. 4710; Cole Parmer Instruments Co., Vernon Hills, IL), centrifuged at 21,910 + g for 25 minutes at 18 C, and the supernatant was stored at -80 C until used.
Excretory-secretory antigens. Excretory-secretory antigens were prepared from larvae incubated at 37 C in RPMI 1640 medium containing 0.1% NaHCO 3 , 30 μg/mL of chloramphenicol, 50 μg/mL of gentamicin, and 2.5 μg/mL of amphotericin B. Culture media were collected every 48 hours, concentrated, and stored at -80 C. Protein content was analyzed by using the method of Bradford.
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Electrophoresis. Unidimensional electrophoresis. Somatic antigens (5 μg/lane) and AgES (0.33 μg/lane) were separated on 12% acrylamide gels (100 V, 30 mA, and 7 W for 2.5 hours) by using the method of Laemmli and Favre. 20 Gels were stained with a 0.1% Coomassie brilliant blue R-250 solution (Bio-Rad, Hercules, CA), and gel images were documented by using the XRS system (Bio-Rad).
Two-dimensional electrophoresis. Two-dimensional electrophoresis was performed by using the method of O'Farrell. 21 For the first dimension, AgS (300 μg) or AgES (90 μg) were mixed in 300 μL of rehydration buffer (8 M urea, 2% CHAPS buffer, 50 mM dithiothreitol, 0.4% ampholytes, 0.001% bromophenol blue) and subjected to electrophoresis on immobilized pH gradient gels (no. 1632011, 17 cm, pH 5-8;
*Address correspondence to Sylvia Pá z Díaz-Camacho, Unidad de Investigaciones Louis Pasteur, Facultad de Ciencias Químico Bioló gicas, Universidad Autó noma de Sinaloa, Culiacá n, Sinaloa, Mé xico. E-mail: spdiazc@uas.edu.mx Bio-Rad) in the Protean isoelectric focusing system (Bio-Rad) at 250 V for 20 min, 10,000 V for 2.5 hr, and 40,000 V for 1 hour. The immobilized pH gradient gels were then incubated for 15 minutes in a solution containing 6 M urea, 0.375 M Tris-HCl, pH 8.8, 2% sodium dodecyl sulfate (SDS), 20% glycerol, 2% dithiothreitol, followed by a 15-minute incubation in 6 M urea, 0.375 M Tris-HCl, pH 8.8, 2% SDS, 20% glycerol, 2% iodoacetamide.
The second-dimension electrophoresis was carried out by using 12% gels and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (100 V, 30 mA, and 7 W). Gels were stained with 0.1% Coomassie brilliant blue R-250 and documented by using the XRS system.
Ethics. The Ethics Committee of the Autonomous University of Sinaloa reviewed and approved this study (Identification of Immunodominant Peptides from Gnathostoma binucleatum; July 2009). Informed consent was obtained from all study participants.
Serum samples. Serum samples were collected from persons who were examined at the Unidad de Investigaciones en Salud Pú blica Louis Pasteur, Facultad de Ciencias Químico Bioló gicas de la Universidad Autó noma de Sinaloa. Serum samples were obtained from 16 patients with gnathostomiasis diagnosed either by recovering the larva or by a positive enzyme-linked immunosorbent assay (ELISA) result. Thirtyfive serum samples were also obtained from persons with other parasite infections diagnosed by stool examination (3 with S. stercoralis, 1 with Ascaris lumbricoides, 1 with Trichiuris trichiura, 10 with Giardia lamblia, 10 with Hymenolepis nana, and 10 with Endolimax nana), and 15 serum samples were obtained from healthy persons. The number of serum samples used depending on their availability.
ELISA standardization for gnathostomiasis. Serum samples used in this study were tested by an ELISA, which was standardized by using 63 serum samples from of healthy persons (10 children 5-7 years of age and 53 adults 19-62 years of age) and 30 serum samples from patients with gnathostomiasis, who were given this diagnosis on the basis of their clinical and epidemiologic histories.
The ELISA was performed with AgS of L3A larvae of G. binucleatum, and the conditions used were established in previous analyses according to the methods of Diaz-Camacho et al. 7 In brief, larvae were obtained from seven freshwater fish species, which were identified as intermediate hosts of G. binucleatum in Sinaloa. Flat-well microplates were used and AgS (200 ng/well) was adsorbed for 24 hours at 4 C. Wells were blocked by incubation with phosphate buffered saline (PBS), 10% bovine serum albumin, and 0.5% Tween 20 for 30 minutes at room temperature. Serum samples were diluted 1:200 in PBS. Two hundred microliters was used per well, microplates were incubated for 90 minutes at 37 C, and then incubated with goat anti-human IgG-peroxidase diluted 1:1,000 in PBS, 10% bovine serum albumin, and 0.5% Tween 20. Wells were rinsed three times for five minutes after each incubation in PBS-Tween, and incubated with 2,2 -azino-bis-(3-ethylbenzothiazolin-6-sulfonic acid) substrate for 30 minutes at 37 C. The reaction was stopped by addition of 1% SDS.
Samples were read at 405 nm in a Titerteck Multiscan MCC (Titerteck Instruments, Inc., Huntsville, AL). Mean values followed a normal pattern, and the cutoff value for the assay was 0.5 (mean plus 3 SD). Sensitivity and specificity were calculated to be 90.9% and 95.4%, respectively. An ELISA to validate the immunodominance of lactose-binding antigen was performed by using the protein fraction with lactose affinity (approximately 0.001 ng/50 μL/well). A lower cutoff value (0.23) was obtained by using the lower protein concentration.
Immunoelectrotransfer of antigens. Antigens (AgS and AgES) were transferred to nitrocellulose membranes by using a humid transfer module (Mini Trans-Blot Electrophoretic Transfer Cell; Bio-Rad). Membranes were immersed for 10 minutes in 40% methanol (v/v) and separated at 100 V and 500 mA for 5 hours according to the method of Towbin and others. 22 After blotting the antigens, the membranes were incubated for 1.5 hours at room temperature with serum samples diluted 1:1,000 in PBS, 0.1% Tween 20, and 5% fat-free milk. Membranes were then incubated with goat anti-human IgG-peroxidase (AbD Serotec, Raleigh, NC) diluted 1:2,000. After each incubation, membranes were rinsed three times for five minutes in PBS and 0.1% Tween 20. Membranes were further incubated for 15 minutes in a solution of 25 mg diaminobenzidine and 5 μg of hydrogen peroxide in PBS.
Mass spectrometric analysis of immunodominant antigens. Protein spots were excised from the Coomassie-stained SDS gel, destained, reduced, carbamidomethylated, and digested with modified porcine trypsin (Promega, Madison, WI). Peptide mass spectrometric analysis was conducted by using a 3200 Q TRAP hybrid tandem mass spectrometer (Applied Biosystems/MDS Sciex, Concord, Ontario, Canada) equipped with a nanoelectrospray ion source (NanoSpray II) and a MicroIonSpray II head as described by González-Zamorano and others. 23 The instrument was coupled on line to a nanoAcquity Ultra Performance LC system (Waters Corporations, Milford, MA). In brief, spectra were acquired in automated mode using information dependent acquisition. Precursor ions were selected in Q1 using the enhanced MS mode as survey scan. The enhanced MS mode was followed by an enhanced resolution scan of the three most intense ions at the low speed of 250 amu/second to determine the ion charge states and then by an enhanced product ion scan. The precursor ions were fragmented by collision-induced dissociation in the Q2 collision cell. The fragment ions generated were captured and mass analyzed in the Q3 linear ion trap.
Database searching and protein identification were performed with the MS/MS spectra data sets using the MASCOT search algorithm (version 1.6b9; Matrix Science, London, United Kingdom; www.matrixscience.com). Mass tolerances of 0.5 Da for the precursor and 0.3 Da for the fragment ion masses were used. Carbamidomethyl-cysteine was the fixed modification and one missed cleavage for trypsin was allowed. Searches were conducted by using the metazoa subset of the NCBInr database (www.ncbi.nih.gov). Peptide sequences obtained by mass spectrometry were compared with sequences from the Blast database and a multiple alignment was conducted by using the MultiAlin program. 24 Lactose affinity purification of AgS. Somatic antigens from approximately 300 L3A were applied to an α-lactose agarose affinity column (5 mL; Sigma, St. Louis, MO) equilibrated with 40 mM Tris-HCl buffer, pH 9.4, at 24 C. A sample of AgS (1 mL, approximately 3.6 μg/mL of protein) was deposited in the column and incubated for 1 hour at room temperature. Unbound proteins were eluted with 40 mL of buffer, collected as 1-mL fractions, and those bound to lactose were eluted with 30 mL of buffer containing 0.2 M lactose. The presence of AgS proteins was verified by SDS-PAGE and staining with 0.1% (w/v) Coomassie R-250 and silver stain (PROT-SIL 1; Sigma) and by immunoelectrotransfer (IET) with serum from a patient with a confirmed diagnosis of gnathostomiasis.
Validation of immunodominance of lactose-binding antigen. Specificity and sensitivity was estimated by testing serum samples from 11 patients with a confirmed diagnosis of gnathostomiasis by ELISA and IET, 8 serum samples from patients infected with other parasites (S. stercoralis, G. lamblia, H. nana, Entamoeba coli, Enterobius vermicularis) and 1 serum sample from a healthy person.
RESULTS
Protein profiles of G. binucleatum L3A antigens. Somatic antigens. Somatic antigens showed 36 bands between 6 and 194.4 kDa by SDS-PAGE ( Figure 1A) . Two-dimensional immunoblot analysis showed 119 protein spots (7-110 kDa, pI 5-8); 68.1% had a pI in the range of 6 -7 and most (79%) had an average of three proteins with the same molecular weight. One protein of 45 kDa, pI 6.8, had a higher concentration ( Figure 1B ).
Excretory-secretory antigens. Excretory-secretory antigens showed 22 bands by SDS-PAGE with the molecular ranges between 6 and 190 kDa ( Figure 1C ) and 59 spots by twodimensional immunoblot analysis; 69.59% of the spots had molecular weights in the range of 9 -75 kDa and most had at least three proteins with similar molecular weights ( Figure 1D) .
Identification of immunodominant antigens by SDS-PAGE. Immunoelectrotransfer of AgS separated by SDS-PAGE had 36 peptides (Figure 2A ), of which a 46-kDa peptide crossreacted with two serum samples (100%) from patients infected with S. stercoralis ( Figure 2B) , and with five serum samples from healthy persons ( Figure 2C ). Immunoreactivity of each band to patient serum samples was analyzed. Fifteen proteins were recognized by serum samples from more than 50% of patients with gnathostomiasis, and eight of these bands (21, 24, 26, 32, 40, 50, 80 , and 157 kDa) did not crossreact with control serum samples ( Figure 2D ). Specificity of these bands ranged between 56% and 88%.
Immunoelectrotransfer of AgES after SDS-PAGE identified 21 antigenic bands, 13 of which reacted with serum samples from patients with gnathostomiasis (reaction range = 50 -100%) ( Figure 3A ). All peptides showed cross-reactivity with negative control serum samples. Three of these peptides (42, 50, and 56 kDa) showed 100% reactivity with the patient serum samples but also had cross-reactivity values with control serum samples of 35.3%, 23.5%, and 35.3%, respectively ( Figure 3B-3D) .
Identification of immunodominant antigens by twodimensional immunoblot analysis. Two-dimensional immunoblot analysis of AgS identified four protein spots that reacted with a mixture of 10 serum samples from patients with gnathostomiasis. Three antigens had molecular weights of 32 kDa (pI 6.3, 6.5, 6.9) and one antigen had a molecular weight of 40 kDa (pI 5.6) (Figure 4) . None of these peptides cross-reacted with control serum samples from healthy persons.
Similarly for AgES, two-dimensional immunoblot analysis identified six spots (42 kDa, pI 6.8; 44 kDa, pI 6.8; and 4 of 56 kDa, pI 6.3, 6.5, 6.6 and 6.7) that were recognized by pooled serum samples from the patients ( Figure 5A ). However, 2 of the 56 kDa spots (pI 6.6 and 6.7) also reacted with a mixture of three serum samples from patients infected with S. stercoralis ( Figure 5B) .
Mass spectrometric analysis. Amino acid sequences were obtained from two-dimensional immunoblot analysis spots of two proteins/peptides (AgSGb1, 32 kDa, pI 6.3; AgSGb2, 32 kDa, pI 6.5). For AgSGb1, three peptides were obtained (FTINLHSK, IEPGQTLIVK and NGDIALHFNPR). For AgSGb2, eight peptides were obtained (SYPIPYR, KGTPFDIR, NGDIALHFNPR, NALQAGNWGNEER, YYPVPYESGISQGLSVGR, MPFEK, IEPGTLIVK and RNGDIALHFNPR).
Sequence analysis showed that AgSGb1 and AgSGb2 belong to the galectin family of peptides. By aligning the peptides with known sequences from nematodes ( Figure 6 ), we found similarities of those two peptides with galectin-1 from Haemonchus contortus, Trichostrongylus colubriformis, Ostertagia circumcincta, Brugia malayi, Onchocerca volvulus, Caenorhabditis briggsae, and Dirofilaria immitis (for AgSGb1, score = 48.4-54.8%, 55% identity, 79% homology; for AgSGb2, score = 25.6-31.1%, 45% identity, 66% homology).
Specificity and immunoreactivity of the lactose-binding fraction in AgS. Most AgS proteins were eluted in the unbound fraction 1 from lactose affinity chromatography ( Figure 7A , lane 2), and fraction 2 did not show any protein ( Figure 7A, lane 3) . Conversely, fraction 3 of the lactose bound proteins showed only five peptides (14.6, 21, 26, 32, Figure 7B, lane 3) . In fraction 3, which was composed of bound column proteins eluted with lactose buffer, 32-kDa and 36-kDa bands reacted with antibodies in serum from a patient with confirmed gnathostomiasis (by ELISA and recovery of larva from a biopsy) ( Figure 7B, lane 4) .
In the evaluation of the galectin-like fraction as an immunodominant antigen for gnathostomiasis, the ELISA showed that AgS was recognized by serum samples from all patients (11 of 11) with gnathostomiasis. However, seven of eight serum samples from patients infected with other parasites also showed positive results. The fraction with lactose affinity showed 100% specificity and sensitivity.
DISCUSSION
One of the main problems with immunodiagnosis has been the limitation of obtaining enough antigen, particularly in areas to which diseases are not endemic. 5 Antigens are mostly obtained from the larval stages in the natural intermediate hosts found in infected fresh water fish in disease-endemic zones. 18 This study further characterized protein antigens of a larval parasite stage. The SDS-PAGE profile of AgS was complex (molecular weight range = 6 -194.4 kDa) ( Figure 1A) . These results are consistent with reported SDS-PAGE patterns of antigens of G. binucleatum larvae and adults in which the protein molecular weight range was 20-208 kDa. 17 We did not find bands with high molecular weights. One possible reason for such differences could be the source of the larvae. In the present study, we used larvae from intermediate host fishes, but larvae used by Caballero-Garcia and others 17 were from experimentally infected mice. Continuous growth of G. spinigerum L3A in mice has been reported. 10, 25 When the SDS-PAGE pattern of G. binucleatum AgS in our study was compared with those of other Gnathostoma species (G. spinigerum, G. hispidum, and G. doloresi), they were also complex, but similar with bands with a molecular weight range of 15 kDa to 106 kDa. 3 In addition, G. binucleatum had bands with higher molecular weights ( Figure 1A) . Electrophoretic patterns of AgS by two-dimensional immunoblot analysis were even more complex. We found 119 spots with a molecular weight range of 7-110 kDa, pI 5-8 ( Figure 1B ). This number of spots was larger than those reported for larvae and male and female adults of G. spinigerum, which showed 75, 44, and 53 prominent spots, respectively. 26 Wongkam and others 26 reported that G. spinigerum larvae have more proteins spots in the range of 30-43 kDa and pI 4.6-5.7 than adult specimens, and adult female antigen has protein spots in the range of 20.1-30 kDa and pI 6-7, which were not present in adult males. 26 Similar to our results, most proteins of G. spinigerum were neutral or acidic. 26 The SDS-PAGE patterns for AgES, with 22 bands 6-190 kDa ( Figure 1C ), were more complex and different from those in L3A recovered from experimentally infected mice (28-208 kDa). 16 Two-dimensional immunoblot analysis patterns from this study ( Figure 1D ) were even more complex, showing 59 spots (9-75 kDa, pI 6-7.5).
The results of IET of AgS showed a large number of antigenic proteins, most of which were cross-reactive and only eight (21, 24, 26, 32, 40, 50, 80 , and 157 kDa) were specifically recognized by serum samples from patients infected with G. binucleatum (Figure 2 ). Previous IET analysis using a total G. binucleatum extract 17 showed only four antigenic proteins (40, 60, 80, and 115 kDa), and a total adult worm extract showed that only the 80-kDa and the 115-kDa two proteins were recognized, but the 115 kDa protein was cross-reactive with A. lumbricoides, Toxocara canis, and Ancylostoma caninum. In the same study, it was also reported that the 40-kDa protein did not cross-react with serum samples of patients with other parasitic diseases.
Using G. spinigerum L3 antigen and the serum of infected patients, Tapchaisri and others 14 identified more than 20 antigenic bands (13-150 kDa), 16 of which were prominent (21, 22, 24, 32, 33, 34, 35, 38, 42, 43, 49, 94, 120, 135 , and 150 kDa), that were recognized commonly by serum samples from most patients with gnathostomiasis. Proteins with molecular weights 30 kDa cross-reacted with serum samples from patients with other parasitic diseases, and some high molecular weight proteins reacted nonspecifically with serum samples from healthy persons. In this study, the authors proposed that the 24-kDa protein was a specific diagnostic tool for gnathostomiasis.
14 The same antigen was also found in the somatic extract of G. spinigerum L3 collected from eels 27 and was confirmed by using a monoclonal antibody against the protein. 28 Larvae from G. spinigerum (recovered from infected mice) also contained the 24-kDa antigen, which was localized mainly in the esophagus and intestine of L3 larva of G. spinigerum. 29 In patients with neurognathostomiasis caused by G. spinigerum, 13 SDS-PAGE bands were suggested to be diagnostic (21, 24, 29, 31, 33, 44.5, 49, 52, 60, 85, 88, 92 , and 110 kDa), among which the 21-kDa and 24-kDa proteins were the most sensitive and 100% specific for diagnosis. 11 This antigen was not found in L3A from G. binucleatum obtained from experimentally infected mice. 17 However, in the present study, using larvae recovered from infected fish, we detected an antigenic band of 24 kDa (Figure 2) .
In the present study, using L3A from G. binucleatum, we identified a specific protein of 40 kDa (Figure 2 ). This band was identified in Gnathostoma (spinigerum, hispidum, and doloresi) adults and was immunogenic by IET with serum samples from patients infected with one of these three species. 3 In a previous report, 17 the 40-kDa protein was not found in the adult stage of G. binucleatum.
In this study, AgES showed three antigenic proteins (42, 50, and 56 kDa) by IET with serum samples from patients with gnathostomiasis. However, the 50-kDa and 56 kDa proteins cross-reacted with serum samples from patients infected with S. stercoralis. In addition, the 42-kDa protein also reacted nonspecifically with serum samples of healthy persons (Figure 3) . Our results contrasted with those reported for AgES of L3 obtained from infected mice in that three bands (80, 120, and 208 kDa) were found by using serum samples from infected mice, and one reactive band (120 kDa) was detected with a human serum sample from an infected person. 16 We report IET patterns and two-dimensional immunoblot analysis of AgS ( Figure 4 ) and AgES ( Figure 5) obtained from L3A of G. binucleatum. Four peptides in AgS, three with molecular weights of 32 kDa (pI 6.3, 6.5 and 6.9) and one with a molecular weight of 40 kDa (pI 5.6), were identified as specific antigens (Figure 4 ) that showed no crossreactivity with serum samples from healthy persons. In the two-dimensional immunoblot analysis results with L3 of G. spinigerum, AgS showed 30-70 antigen spots (14.4-94 kDa, pI 4.65-9.6), spots with molecular weights 30 kDa crossreacted with serum samples from patients with angiostrongyliasis, cysticercosis, and healthy persons. Spots with lower molecular weights (23-25 kDa, pI 8.3-8.5) were more specific for the diagnosis of gnathostomiasis (80-83%). 26 Immunoelectrotransfer showed that AgES had six antigen spots (42 kDa, pI 6.8; 44 kDa, pI 6,8; 56 kDa, pI 6.3, 6.5, 6.6, and 6.7) ( Figure 5A ): four were specific for gnathostomiasis and two cross-reacted with serum samples from patients infected with S. stercoralis (56 kDa, pI 6.6 and 6.7) ( Figure 5B ).
Sequence analysis performed on two of the four proteins from AgS separated by two-dimensional immunoblot analysis (Figure 4) showed that the 32-kDa protein (pI 6.3 and 6.5) aligned with galectin-1 ( Figure 6 ). This molecule has been identified in a free-living nematode (Caenorhabditis elegans). 30 Moreover, this molecule was also found in an array of parasitic nematodes such as B. malayi, 31 D. immitis, A. caninum, T. colubriformis, A. cantonensis, and Teladorsagia circumcincta. 8, [32] [33] [34] Galectin proteins show β-galactoside affinity, and they are structurally characterized by a carbohydrate recognition domain, which codes information for cell-to-cell and cell-to-extracellular matrix interactions; 35 they also mediate the invasion into host, and participate in maintaining infection and modulating the host immune response. 36 Although galectins of the parasitic helminthes have been poorly studied, two recombinant galectins of Haemonchus contortus (rHco-gal-m and rHco-gal-f) were used for vaccination of 9-10-month-old goats against infection by this parasite; the application of 100 μg of protein reduced fecal egg output and worm burdens by 37.25% and 41.1%, respectively. 37 Because galectins were identified as the immunodominant antigens in AgS G. binucleatum L3, AgS was fractionated by lactose affinity chromatography and two proteins were obtained (32-kDa and 36 kDa), which bound with serum antibody from a patient with confirmed gnathostomiasis (Figure 7, lane 4) , and it is assumed that the 32-kDa protein might correspond to one of the sequences of AgSGb1 or AgSGb2 (Figure 6 ).
In the present study, total AgS exhibited 100% sensitivity, but reduced specificity because of cross-reactivity with serum samples from patients with other parasitic diseases and also because of non-specific reactions with serum samples from healthy persons. This finding suggests that the main problem in using crude AgS from G. binucleatum larvae is cross-reactivity or nonspecific reactions, which was not seen when lactose affinity-purified protein antigens were used for IET. In conclusion, the present results demonstrate that a fraction with lactose affinity obtained from L3A larvae of G. binucleatum has a 100% sensitivity and specificity for the immunodiagnosis of human gnathostomiasis.
